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Ti. present invention provides a device ana I 
sheath (11) with proximal and distal ends g^SteSS ^ S S^uency (RF) energy. Once theoitheter sheath ' 
at the distal end of the catheter such that the "^^^nawSe, the catheter is advanced such that the electrode is dep oyed 
is placed by a trained health care profession^ aero* ^ P a ^ ™™ moved from me foramen ovale, and (RF) energy is applied to 
outeide of the distal end of the catheter sh eau^Tta ^*ete. ^sheaft ^ The catheter is then repositioned into 

Z 22S r thS^TX'r— zed area created aiong the inner surfaces of the patent 
"en ote neafs over Ume, and turns into a scar obliterating the foramen ovale. 
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A CATHETER FOR CAUSING THERMAL TRAUMA TO A PATENT 
FORAMEN OVALE AND METHOD OF USING THE CATHETER 

FIELD OF THE INVENTION 

The present invention is related generally to medical/surgical devices that can 
be placed within the body of a patient to perform a procedure. More specifically, the 
present invention is a minimally invasive device useful in closing a patent foramen 
5 ovale. 

BACKGROUND OF THE INVENTION 

The fetal circulation is vastly different than the normal adult circulation. 
The blood circulating in a fetus is oxygenated by the placenta, not the developing 
lungs. Therefore, the fetal circulation directs only a small percentage of the 
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circulating blood to the fetal lungs. Most of the circulating blood is shunted away 
form from the lungs to the peripheral tissues through specialized vessels and 
foramens that are open ("patent") during fetal life. In most people these specialized 
structures quickly close after birth, unfortunately, sometimes they fail to close and 
create hemodynamic problems that can be fatal if left untreated. 
15 ThefetalcirculationisillustratedinFig. 1. The umbilical arteries branch off 

of the iliac arteries and deliver unoxygenated (blue) blood to the placenta. Thefetal 
blood travels through the capillary bed in the placenta and transfers carbon dioxide 
to the maternal blood and takes oxygen and other nutrients from the maternal blood. 
The umbilical vein returns oxygenated (red) blood to the fetus. Most of the 
oxygenated blood from the umbilical vein bypasses the developing liver and travels 
through a specialized vessel called the ductus venosus to the inferior vena cava and 
then into the right atrium. A good portion of the oxygenated blood from the infenor 
vena cava is directed across the right atrium and into the left atrium through a 
specialized curtain like opening in the heart called the foramen ovale. The blood 



20 



-1- 



PCT/US98/21459 

WO 99/18871 

from the left atrium then enters the left ventricle and then into the aorta where it 
nutrients. 

The small amount of blood entering the right atrium that does not pass 
5 through the foramen ovale, most of which comes from the superior vena cava, flows 

into the right ventricle and then gets pumped into the pulmonary trunk and 

pulmonary arteries. Some of this blood is pumped into the developing lungs. 

However,the fetal lungs are collapsed which causes a high resistance to blood flow. 

Another specialized vessel, called the ductus arteriosus, is a vessel that connects the 
10 highpressurepulmonaryarterytothelowerpressureaorta. Therefore, most of the 

blood in the pulmonary artery flows into the lower pressure aorta through this 

specialized vessel. 

Upon birth, the circulatory system goes through profound changes. Theflow 
through the umbilical arteries and umbilical vein stops and consequently the flow 
15 through the musculature around the ductus venosus constricts and the blood flow 
throughtheductusvenosusstops. The lungs fill with air and the resistance to blood 
flow into the lungs drastically decreases. The corresponding pressure in the nght 
atrium, right ventricle, and pulmonary arteries also decrease. The decrease in 
" pressure in the right atrium causes the curtain like opening of the foramen ovale to 
20 close, driving more blood into the right ventricle and then to the lungs for 

oxygenation. Over time, the foramen ovale is replaced with a membrane called the 
fossa ovalis. Similarly, the decrease in pressure in the pulmonary arteries reduced 
the pulmonary arterial pressure to the same as or slightly less than the pressure m the 
aorta, which stops or reverses the flow through the ductus arteriosus. Once the 
25 muscular tissue of the ductus arteriosus is perfused with well oxygenated blood, the 
muscle begins to constrict and close the ductus arteriosus. The ductus arteriosus 
normally closes within about one week of life. 

Usually over time, the unique openings of the fetal circulation become 
obliterated and a solid mass of tissue forms where these opening once were. 
30 However, in some people the openings remain. A patent ductus venosus after birth 
is very rare and almost always fatal. A patent ductus arteriosus occurs in about 1 out 
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of every 5000 births. The patent ductus arteriosus once diagnosed is either 
medically treated or surgically ligated to close the ductus. In about one of four 
people, the foramen ovale does not seal shut, instead it remains patent. Sincethe 
pressure in the left atrium is about two to four mm Hg greater than the pressure in 
the right atrium, the curtain like opening usually remains shut. However, if the 
pressure in the right atrium increases, such as upon heavy lifting or while performing 
a Val Salva type maneuver, the curtain like fold of tissue opens and the blood flows 
from the right atrium to the left ventricle. 

Studies have shown that adults with strokes of unknown origin (cryptogenic 
strokes) have about twice the normal rate of patent foramen ovales than the normal 
population. Although there is a correlation between strokes and patent foramen 
ovales it is currently unknown why this correlation exists. Many people theorize 
that blood clots and plaque that have formed in the peripheral venous circulation (in 
the legs for example) break off and travel to the heart. Normally, the clots and 
plaque get delivered to the lungs where it is trapped and usually cause no harm to the 
patient Patients with a patent foramen ovale, however, have a potential opening that 
the clots or plaque can pass through the venous circulation and into the arterial 
circulation and then into the brain or other tissues to cause a thromboembolic event 
like a stroke. The clots may pass to the arterial side when there is an increase in the 
3 pressureintherightatrium. Then me clots travel through the left side of the heart, 
to the aorta, and then to the brain via the carotid arteries where they cause a stroke 
and the associated neurological deficits. 

Currently, the method of choice to close a patent foramen ovale is open heart 
surgery and ligation of the foramen ovale to close it. This obviously is associated 
> 5 with the usually risks of general anesthesia, open heart procedures, infections, etc. 
Another method is a catheter based method which places to opposing umbrella 
shaped devices around the foramen ovale, one in the right atrium and one in the left 
atrium. Unfortunately, this procedure is technically difficult and leaves behind two 
foreign objects that could dislodge or cause a thromboembolus which could break 
30 off and cause thromboembolic events. What is needed therefore is a least invasive 
method for closing a patent foramen ovale which does not have the associated risk of 
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an open heart procedure, is technically easy to perform, and which does not leave 
any foreign material behind. 

SUMMARY OF THE INVENTION 

The present invention provides a device and method for closing a patent 
foramen ovale. The present invention comprises a catheter sheath vvith proximal and 
distal ends. A catheter is deployably retained within the catheter sheath. An 
electrode is provide at the distal end of the catheter such that adjacent tissue can be 
heated using radio frequency (°RF) energy. Once the catheter sheath is placed by a 
treating health care professional across a patent foramen ovale, the catheter is 
advanced such that the electrode is deployed outside of the distal end of the catheter 
sheath. The catheter sheath is then removed from the foramen ovale and RF energy 
is applied to the electrode to heat adjacent tissue that causes thermal trauma to the 
lini ng 0 f the foramen ovale. The catheter is then repositioned into the distal end of 
the catheter sheath and then removed from the patient. The traumatized area created 
15 along me inner surfaces of me p^ 
scar obliterating the foramen ovale. 

BRIEF DESCRIPTION OF THE DRAWINGS 

As used herein, like reference numerals will designate similar elements in the 
various embodiments of the present invention wherein: 
20 Fig. 1 isaschematicdiagnmiofmefetalcirculauonofamammal; 

Fig 2 is a schematic diagram of a catheter ofthe present invention traveling 
up the inferior vena cava of a patient into the right atrium and through the foramen 
ovale; 

Fig. 3 is a schematic plan view of a foramen ovale catheter ofthe present 
25 invention; 

Fig. 4 is an axial cross-sectional view ofthe distal end ofthe catheter of F>g. 
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Fig. 5 is a perpendicular cross-sectional view of the catheter of Fig. 3 taken 
along the plane indicated in Fig. 4 by line 5-5 ; 

Fig. 6 is an axial cross-sectional view of the proximal end of the present 

invention; 

5 Fig. 7 is a side view of an alternate embodiment of the present invention; 

Fig. 8 is a bottom view of the embodiment of Fig. 7; 
Fig. 9 is a bottom view of an alternate embodiment similar to the 
embodiment of Fig. 8 utilizing bicolor energy; and 

Fig. 1 0 is a plan view of an alternate embodiment similar to the embodiment 

10 of Fig. 3 utilizing bicolor energy. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides a novel least invasive device and method for 
closing a patent foramen ovale in a mammal. The device is specifically designed to 
be used in catheterization laboratories in hospitals for treating humans as well as 
veterinary hospitals for treating animals. As used herein the term -patient" shall 
refcr to human patients as well as animal patients. As illustrated in Fig. 2, the dev.ce 
is introduced into the blood stream using well known catheterization procedures. 
The device is initially mtroduced within a catheter sheath 11 with a distal end 14. 
The device then extends distally from the catheter sheath to span the patent foramen 
ovale ThedevicehasanRFelectrode26atthedi S talend. RF energy is apphed to 
the adjaeenttissueusingthe electrode tothennally traumatize the interior tissue of 
the foramen ovale. After heat has been applied for sufficient amount of time the 
device is removed from the patient. Once the interior of the foramen ovale has been 
traumatized.mebody'shealmgmech^smb.gins. Because the pressure withm the 

comprisesmepatontforamenovalearedirectlyopposedtoeachother. Thebody's 
healmgmechamsmmenreplacesmetmumatizedto 
tissue forms across the curtain of tissue permanently sealing the foramen ovale. 
Over time, the foramen ovale becomes completely obliterated and turns mto the 
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normal fossa ovalis. 

Turning now to Fig. 3, the foramen ovale catheter of the present invention is 
furtheriUustrated. In order to obtain access to the blood stream, the foramen ovale 
catheter has to be advanced through the skin of the patient into a blood vessel, 
5 preferably a standard femoral vein catheterization is used that is well known in the 
art, however other vessel access to the atriums can be used. Typically, a standard 
introducer is used to gain access from the skin of the patient to the lumen of the 
vessel. These introducers are commercially available from many different 
manufacturers, Cordis Corporation of Miami Florida being one, Cook of 
10 Bloomingtonlndianabeinganother. The introducer can be ofmany different sizes, 
in the preferred embodiment the introducer varies from a 6 French to a 1 5 French 
introducer. Presently it is preferred to use a 7 or 8 French introducer. The 
introducers usually have a hollow shaft 12, a tapered distal end 13, a catheter access 
port 1 6 with an internal seal (not illustrated) to ensure that fluids do not leak from 
15 theaccess^andanirrigarionportlScormectedviafle^ Tne 
irrigationportisusedtoflushmeintroducerandtomject^^ 

medications directly into the vessel. 

A sheath catheter 11 is then advanced through the catheterport of the 
introducer. The catheter has a proximal end 12 and a distal end 14. Providedatthe 
20 proximal end is a port access 1 3 which allows the electrode catheter to be introduced 
throughthesheathcatheter. The outer diameter of the sheath catheter can vary from 
about 5 French to about 1 5 French. The inner diameter is such that a 4 French to 
about a 14 French foramen ovale catheter can be placed within its lumen. In the 
preferred embodiment, the sheath catheter is a single lumen catheter made by 
25 extruding standard catheter materials using standard extrusion techniques. Currently 
it is preferred to extrude polyether-block-amide, nylon, polyurethane, polyimide, or a 
polyolefin copolyester. However, any other extendable catheter material well known 
in the art can be used to manufacture the catheter. The smaller the catheter, the 
stronger the extruding material should be. With very small catheters, the catheter 
30 can be reenforcedby using braided meshing, a technique already well known in the 
catheter arts. The sheath catheter's length is such that it can easily be used from a 
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femoral site to reach an atriura of the heart, about 80 to 140 cm, wi* about 120 . cm 
being preferred. Optionally, the distal end of the sheath catheter can havearadio- 
opaque marker 24 such as a metallic ring placed around the distal end or 
incorporated into the distal end such that the distal end is visible under imagmg 
techniques such as fluoroscopy. 

Inserted inside the sheath catheter's lumen is a foramen ovale electrode 
catheter 16 of the present invention. The foramen ovale electrode catheter can be 
mad e by extruding standard catheter materials using standard extrusion techniques, 
just like the sheath catheter. The catheter has a proximal end 1 8 provided wrth a 
0 standard-Y-fitting^andadistalendl?. The Y fitting comprises a standard port 
21 for the placement of a guide wire 23. The guide wire can be any standard gurde 
wire in the industry. Typically , the guide wire is made out of a coil and has a blunt 
distal end 32 to prevent damage to vessels when the catheter is advanced. The 

15 used to control fluids that are injected into the patient such as anticoagulants and 

contrastmedia. T^*^**-**********"* A 
standard cable 30 with optional connectors is also provided at the proximal end of 
the electrode catheter. The cables are connected to a supply 31 of RF energy. . 
Located at the distal end of the foramen ovale electrode catheter ,s the 
20 electrode26. Referring now to Figs. 3-5, the foramen ovale catheter can be 

con^edoftwocame^ 

sheath, and an inner catheter 25 which has a lumen 40 for the guide wire 23. 
Between the outer and inner catheter is an area 36 for fluid to communicate with the 
fluid port and the distal end 1 7 of the outer catheter and the distal end 24 of the inner 

25 catheter. . 

The inner and outer catheters are manufactured using well known materials 
and well known extrusion techniques. The outer catheter typically has an outer 
diameter of about 6 French to about 1 4 French, with 8 French being presently 
preferred. Between the outer and inner catheter is an area 36 for fluid to pass 
30 through the catheter. The inner catheter is sized to fit within the outer catheter 
leaving adequate room for the fluid space 36. 
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An RF electrode 26 is bonded to the outer circumference of the outer catheter 
near its distal end. The electrode can be made out of any standard biocompatible 
dectrndematerialweUknownintheart. PresenUy platinum or platinum alloys are 
preferred.howeversteelelec^descomdalsnbeused. A lead wire 46 that spans the 
length of the catheter from the Y fitting to the electrode is threaded between the 
outerandinnercethetersinthespaceS^ A bole 33 is created in the outer catheter 

andthenweldedtotheelectrod, Tbe electrode is then placed over the distal end of 
the outer catheter and the slack on the lead wire is takenup by pulling onxts 
proximalend. Tta electrode is then bonded to the outer catheter by wicking in an 

appropriate adhesive. ... 
Optt.mallylocatedontetanersu^offcelecttodeo.theoppos.KS,* 

from fie lead wire is a sttmdard mean, 48 for mentoring me temperattne of fie 

15 dec-rode. ,^*^*-^^~**»" mi ~ mm 
' „i re is used. Tire temped monitoring means are connected with appnopnate 
Wwnes.ofieYS.ung. The momtonng mean, is p.aced on fie inner surface of 

to************——*** The monitoring means .. 
tobondedto^mnersmteofdreeleco^eprio.mteelecn^he^ph.ed 

20 overfiefisudendof.heo.nercafie.e,. Thoenm^eomdopdonaUyhoprovtded 

with a plurality of thermocouple leads. 

The RF energy used is typical RF anew ranging from about 100 kHzto 
ato u,1000hHz,t*.bont460VF I zbeingp re scnUypmfened. The watts of power 
„ vary fiom about 0.1 watt to about 100 watts, with a range of about 3 watts to 25 
«. being presently prefened. Many differ*. RF generators can be mted to supply 
ficRF energy. Pmsenoy.anRF genemmrmanufacttnedbyS^lartechResenmh 
ConKtmttonofMounBinView.CAisprefened. The RF generator can deliver a 
^dmnm wattage „,RF ^,wimWm«inmm wattage chosen bynt. usee of 
^generator. The RF generator then can measure the tempemttne at a 
thermocouple inside fie needle to then regulate fie wattage to matoain a set 
^pembne. Presendy, temperatures ranging from about 45 degmes eendgrade « 
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"-»— b - ,-k - , * ,, * , jr , r- 

20 between the inner and outer catheters. 

Figs 7and 8Ul« S t^.nntoembodtaentofthepr« S «ntn.vent 1 on. A 

^cafcettro. Ohfc— — ■ « 

fo^enovdece^iaastaglelnn^^n^teapaddledectrodee 
25 aacnedatitsdi^end. ^padd^e^hasaretativetyflatpromewuha 

.Mcknessof abon.0.050 inche, TV widd. ofthe paddle is si*d 
^^shennnc^andiswidern.anfcdian^ofdtefo^enov* 

ofth e foramen o,a.= c*hete, Aleadwirelnotillusn^d) spans dtetengdro the 
" electrode. Opnordt,,ar„e affi from m o»»ring tt m P era» JK 72isb„nded to d K 
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bottom surface of the electrode. Presently a thermocouple is used with copper and 

constantan wires 71. 

Fi, oteantdtenafccrebodimentofttepreseattaverm^ 

j^orsuchasnylonorapolyetfer. Atl ^ the padd.e are two different 

„ referred .W the electrode, are tmntuftctored by ion implanting or sp«ton«g 
, ^.goid.o.piannurnc.^s^of.h.pann.ocovonng^^oiff^. 
edges where the electrodes are located. Separate lead wires 83 and &4 are attached 
.oeachdecode. Bipolar energy can thente applied tothedsst* in contocrwidt 
^ecttodestoheatdreussne. Thebipolar energy will rend, osto, on the sorftco 

5 ^^^^^^^^^ 

lotheskinofthepadent. 

Fig wUanahecnaremteHjirnentofthepresentinvcnttonsmnlartothe 

com pH S esinsula,ore%separed» g a., H nadng P osi«ive e.ccnodcs97 andn.gat.ve 

M dec**,** The insulator would no. conduct energy. The decodes cod be 
ionunptatod.sputtored.b.nded.orou^rea^hedtotein^.anngma.enal 

to,, creatos the insulaton. 96. Preferably Ore electrode is nuurufactored by usrng a 
poWe^cyltade.andionimplanungsilv.r.gold.orplatintm.. Each posrttve and 
^vedectrodeswoddhave autoload wires courts them to the supply of 



25 RF energy. , 
Those acquainted with medical procedures will appreciate that any medical 

proce dureinvolvmg^ 

with extensive training and experience in cardiology and/or cardiac surgery, 
embodiments. The method of training includes the steps of demonstrating the 
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with the device oo when and how »»« *e devlct. 

The embodiments of the present invention are all used simibrty. Frr* 
^isgataed.oabloodvesse.. T^crdlv^toc^vdnUc^Aettrizednsing 

^oftnayconrnterciauyavmlablem,^ 

o» : e,heta.rod,» : ing<^istaplane,.sta^^ 
is lo ng enough to reach the foremen ova!e and is huge enongh «o allow the part.cu.ar 
emto din««of*ep KS e».invennon to passnnnn g hd«ln»en is piaced through the 
m«xiuctagc*h.ter. An^pleofdns^peofcnteteristeSFrenehMuUlna 
W^Setn^n^bjCookofBlooningtonm. Typically tee cadremrs 
atep^dedvvnhaMrlysdffgnidev^toallov.fotprohhtg^ngh.atfnnrfor 

.Hoforemenovah, The staglelumen cadteterts advanced «, the right «rh« and 
thenthronghthefotamenovalerotheleftatrintn. 

Nexttnegnidewireis^tnovedandthe foramen ovale cadreter is advanced 
15 tafteshtglelnntencante^Utdreleftaninnt. The single lumen cadteter is .hen 
removed from the left atrium and the foramen ovale. 

The electrode is then placed within the foremen ovale and RF energy is 
^Mtoheatrheadjacentrissue. Th»e»*gyis applied for a efficient time to 

85 degrees centigrade is reached fo, 30 seconds. The RF energy is men stopped- 
Tie foramen ovale catheter is man withdrawn tan. the single hnrencadteterand 
torereovedfriomthe patient All the carters are men removed and rhe puncmre 
site is sealed using standard techniques. 

The trauma created within the foremen ovale starts a tealing process wh.ch 
over rime s* the foramen ovale shut with soar tissue. Once the foremen ovulars 
sh* theparien.no longer has the risks asaociaKdwim an pa«. foramen ovale. 

While several particular embodiments of the invention have been illustrated 
^^b^itwlnbeapp^thmvariousmo^^ 
departing from (he spin, and scope of the invertion. Accordingly, it is no. intended 
30 autmetavenrionteltattedexceptasbyutoappereieaclaims. 
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What is Claimed is: 



1. 



10 2. 



A radio frequency catheter device for thermally traumatizing a patent 
foramen ovale comprising: 

A a sheath catheter with proximal and distal ends; 

B a foramen ovale catheter deployably retained within the sheath 

catheter, the foramen ovale catheter having proximal and distal ends; 
C at least one radio frequency electrode attached to the foramen ovale 

catheter at its distal end; 
D a supply of radio frequency energy attached to the electrode. 

The catheter device of claim 1 wherein the .electrode is attached to the outer 
circumference of the catheter. 



3. 



T,,. catoter device of 1 vtorcin to etam-de is attached .0 to disfcd 
end of the catheter.. 

4 . ^cathe^devtaofclata.^^ 
!5 end of the catheter. 

5. t^^^*^^***^'*^^*^ 



6. 



The catheter device of claim 1 wherein a plurality of electrodes are attached 
to the distal end and at least one electrode is a negative electrode and a 
different electrode is a positive electrode.. 

20 7 The catheter deviceof claim 1 f^am^^^won^** 
temperature of tissue that comes into contact with the electrode. 

g. The catheter device of claim 7 wherein the monitoring means is a 
thermocouple attached to the electrode. 
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T "L*. - *~ m * ,Ksei ° f ' "* a 

foramen ovale; 

B inserting a foramen ovale catheter with proximal and distal ends and 
with at least one electrode attached to or near the distal end through 

the introducer catheter; 
c advancing the foramen ovale catheter through the patent foramen 

ovale; 

D applying radio frequency energy to the electrode to thermally 

traumatize the interior of the patent foramen ovale; 
E removing the foramen ovale < 
the patient. 



,„. The method of *— % — **■ ' ^^^T 
further comprising 
introducer catheter. 
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! i A method of training a person to perform the method of thermally 
instructing the performance of the method of claim 9. 

claim 10. 
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